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I. BASIC RELATIONS F OR combined Doppler and Lorentz broadening it is
well known! that the spectral absorption coefficient at the wave number w, pew), is given, in adequate approximation, by the relation 
P(w)
=
(w-wo)/ woJ(mc 2 /2kT)!= [(w-wo)/bD J(ln2)i.
Thus pi represents the maximum value of the spectral absorption coefficient if only Doppler broadening occurred; bN, be, and b D denote, respectively, the natural half-width, t the half-width resulting from collision (Lorentz) broadening, and the half-width produced by Doppler broadening; S is the integrated intensity of the spectral line under study whose center lies at Wo; m is the mass of the radiating molecule; .k equals the Boltzmann constant; T represents the absolute temperature. . The total radiant intensity A emitted by a spectral line is
A=f RO(w){l-exp[ -P(w) t The term half-width is used to denote one-half of the wave number interval for which pew) ~ !P'. A consistent set of units would involve P in cm-I-atoms-t, S in cm-2-atoms-I , and the half-widths in em-I. where pew) is given by Eq. (1). The'spectral absorption coefficients must, of course, satisfy the relation f+oo P(w)dw=S.
RO(wo)=RO
-00
Before proceeding with the general problem it appears desirable to review briefly several special cases.
A. Pure Doppler Broadening
For pure Doppler broadening a= 0 and Eq. (1) 
where z=log(P'X), 1'(n) (1) is the nth derivative of the gamma-function evaluated at unit argument, and 386 s. S. PENNER AND R. W. KAVANAGH Vol. 43 A nomogram for the determination of peak and total intensities for spectral lines with Doppler contour has been described previously.ii With the aid of this nomogram it is a simple matter to estimate intensities for temperatures between 1000 and 20 OOooK, molecular weights between 2 and 80 g/mole, wavelengths between 0.10 and 0.80 micron, and values of SX between 10-4 and 10 em-I. The quantity S is related to the f value at the temperature T through the expression given by Reiche,9.l0 viz.,
From Eq. (12) it is evident that the spectral absorption coefficient at the line center is always given by the expression
(7) where B. Pure Collision Broadening
The sum of the natural half-width b N and of the Lorentz half-width be will be designated by the symbol b. In the absence of Doppler broadening it is well known that and 6 ,7
The functions 
where Eq. (9a) is to be preferred for x< (2/7r) and Eq. (9b) for x> (2/n-).
Numerical values of A for spectral lines with resonance contour can be obtained conveniently from a nomogram which is described elsewhere. 8 This nomogram is useful for temperatures between 1000 and 20000oK, values of SX between 10-5 and 10+ 2 em-I, half-widths bN+b e between 10-2 and 1 em-I, and wavelengths between 0.5 and 50 microns.
II. EVALUATION OF pew) FOR COMBINED COLLISION AND DOPPLER BROADENING
The calculation of pew) from Eq. (1) has been considered by a number of investigators. Before reviewing the various techniques which have been employed, we shall consider briefly several special cases.
Equation (1) 
Bom ll has given an asymptotic expansion for P(w)/ P' tha t is useful for U a» 1. The complete expression is given in Eq. (18). For convenience the first two terms of the series are repeated here:
Bom ll has also derived an asymptotic expansion for P(w)/P' when Ua«1. The complete expression is given in Eq. (19) and converges rapidly if a is not too large. For ~= a, Eq. (26) may be used to advantage.
Since ~/ a must always become large in the wings of the lines, Eqs. (13) and (14) are convenient forms for determining the value of P at the line center and its asymptotic limit in the wings of the line.
We now proceed to summarize briefly several special methods for the calculation of P(w)/P
I •

A. P(w)/P' for Small Values of a
Kendall has given a general expansion which can be used to determine P(w)/ pI for small values of a. 2 His result is
where Hn(X) is the Hermite polynomial of degree n.
The size of the remainder term can be estimated according to a procedure developed by E. C. Titchmarsh, which is described in Kendall's paper.
A useful expression for small values of a is the log (10.6 P'X)
is shown that
On the other hand, for small values of ~/ a, Born gives the relation 2
P(w)/P'=-exp(a 2 -e)
Y1l" 
where Z= a+i~ and R denotes the real part of the following argument. Methods for calculating error functions with complex arguments, as well as numerical values, have been given by Salzer.lo From Eq. (24) it is readily shown that (25) 14 M. W. Zemansky, Phys. Rev. 36, 219 (1930) . 16 H. E. Salzer, "Mathematical Tables and Other Aids to Computation," National Research Council; April, 1951. For a= 0 Eq. (25) 
where C and S are tabulated Fresnel integrals.
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For a»l and ~<a it can be shown that (27) where O=tan-l(a/~).
III. EXTENDED "CURVES OF GROWTH"
The "curves of growth", which are familiar from astrophysical studies,t6.17 constitute a useful method for the determination of the quantity A/ RO defined by Eq.
(3). Unfortunately the available curves do not cover the entire range of values of a which is of interest in connection with spectroscopic studies on flames, particularly at atmospheric pressure. For this reason, calculations have been carried out to determine A/ RO as a function of X for a= 1.5, 2, and 10, using the numerical values for P(w)/ pI given by Born ll and by Mitchell and Zemansky.l The results of these calculations are shown in Fig. 1 together with van der Held's dataJ7 As was pointed out in a previous publication,o absolute intensities for spectral lines with combined Doppler and collision broadening can be obtained by the combined use of a nomogram and of the curves of growth.
Since the notation used in the present investigations differs from that of other authors, a summary of notations for equivalent physical quantities is given in Table 1 . 
